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(57) ABSTRACT 

A light conducting unit is disposed between a light Source 
and a region which is to be illuminated. In addition, a light 
conducting unit includes a polygonal prism made from a first 
medium with a first coefficient of refraction, a first light 
conducting unit which directS light to be incident upon a first 
Surface of the polygonal prism, and a Second light conduct 
ing unit upon which light emitted from a Second Surface of 
the polygonal prism is incident, wherein the polygonal prism 
includes a reflective device which reflects light which is 
incident into the polygonal prism from the first Surface 
towards the Second Surface, and a Second medium with a 
Second coefficient of refraction which is less than the first 
coefficient of refraction is provided at the first surface and 
the Second Surface. 
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FIG. 6. 
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FIG. 12A 
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LIGHT CONDUCTING UNIT, ILLUMINATION 
APPARATUS, AND PROJECTION TYPE DISPLAY 

APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a light conducting 
unit, an illumination apparatus, and a projection type display 
apparatuS. 

0.003 Priority is claimed on Japanese Patent Applications 
Nos. 2003-177947 filed Jun. 23, 2003 and 2003-333548 
filed Sep. 25, 2003, the contents of which are incorporated 
herein by reference. 
0004 2. Description of Related Art 
0005. As a first background art in the field of display 
devices, in which the level of needs related to increase in 
Size and increase in resolution is high, a projection type 
display apparatus Such as a liquid crystal projector or a 
DMD or the like is known as a device which can easily 
implement Such a type of large Scale display. 
0006 With this type of projection type display apparatus, 
normally, illumination apparatuses are used in which rod 
shaped light conducting units are disposed between the light 
Source and the light valves. These illumination apparatuses 
take advantage of internal Surface reflection within the light 
conducting units, in order to make the intensity of the light 
which is emitted from the light source uniform over the light 
valves. 

0007 Such a type of illumination apparatus is, for 
example, disclosed in Japanese Unexamined Patent Appli 
cation, First Publication No. 2002-268008. The illumination 
apparatus described in this document includes a light Source 
which emits light, a rod shaped light conducting unit which 
makes the illumination distribution of the light which has 
been emitted from the light Source uniform, a first lens 
system which conducts the light which has been emitted 
from the light conducting unit, a light polarization creation 
Section which emits polarized light which has a predeter 
mined polarization direction, and a Second lens for causing 
the polarized light which has been emitted from this light 
polarization creation Section to be incident upon a predeter 
mined illumination region. 
0008 AS described above, a rod shaped light conducting 
unit is employed with Such a conventional illumination 
apparatus, in order to make the illumination distribution of 
the light which has been emitted from the light source more 
uniform. With this type of light conducting unit, the more it 
is desired to enhance the uniformity of the illumination 
distribution, the longer is it necessary to make the length of 
the light conducting unit. However, the problem arises that, 
when the length of the light conducting unit is made longer, 
the Side and particularly the length of the illumination 
apparatus become excessive. 
0009 Furthermore, in order to reduce the dimensions of 
the illumination apparatus, the light conducting unit is bent 
and folded as shown in FIG. 5, then the light, as shown by 
the arrow sign E in FIG. 5, is reflected in the direction of the 
light Source by the bending and folding portion of the light 
conducting unit, and, as shown by the arrow sign Fin FIG. 
5, the light is reflected So as to be emitted at a large emission 
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angle from the light conducting unit, So that it comes to be 
no longer incident upon the desired illumination region. In 
other words, there is the problem that, when making the 
illumination distribution of the light more uniform, the 
losses become great. 
0010. As a second background art, as a light source for a 
liquid crystal projector, as for example shown in Japanese 
Unexamined Patent Application, First Publication No. 2000 
56266, there exists a device which performs light polariza 
tion conversion at high efficiency by, after dividing the light 
from a lamp into a Ppolarized light beam and a Spolarized 
light beam, directing these light beams to be incident into 
one end of a rod integrator, and by converting only the S 
polarized light in the light which is emitted from the other 
end of the rod integrator into P polarized light by a phase 
difference plate which has a spatial distribution and which is 
disposed at the other end of the rod integrator. 
0011 Furthermore, as another type of light source, as for 
example disclosed in Japanese Unexamined Patent Appli 
cation, First Publication No. 2000-75407, there exists a 
device which, along with causing light beams from a pair of 
lamps to be respectively incident upon a pair of incidence 
Surfaces which are provided to a prism whose vertex angle 
is approximately 60 and which is formed at an end portion 
of a rod integrator, also conducts the light into the rod 
integrator by totally internally reflecting these light beams 
off the inner Side of the opposite incident Surfaces. 
0012 However, with the above described type of light 
Source, it is not easy to obtain the length of any of the rod 
integrators. In other words, taking the incident end of the rod 
integrator as a Standard, Since the lamps are now disposed in 
directions which Subtend obtuse angles greater than a pre 
determined angle with respect to the axial direction of the 
rod integrator, accordingly it is not possible to ensure that 
the dimensions of the light Source with respect to the axial 
direction of the rod integrator do not become excessively 
great, So that making the dimensions of the rod integrators 
long becomes no longer easy. As a result, either the degree 
by which the rod integrator makes the illumination light 
more uniform drops below the predetermined desired level, 
or it is not possible to prevent the overall dimensions of the 
light Source from becoming great, So that the degree of 
freedom in the design is reduced. 
0013 Furthermore, with the above described type of light 
Source, the spatial light modulation element (which is the 
object of illumination) is arranged in the frontal direction of 
the emission end of the rod integrator, accordingly, for the 
Same reasons as described above, ether the dimensions of the 
light Source or the dimensions of the projector with respect 
to the axial direction of the rod integrator become great, So 
that it becomes no longer easy to lengthen the dimensions of 
the rod integrator. 

0014. The present invention has been conceived in the 
light of the above described problems, and it takes as its first 
objective to provide a light conducting unit, and an illumi 
nation apparatus and a projection type display apparatus 
therewith, with which there is no loss of the incident light 
even though it is bent and folded around, and which can 
make the illumination distribution of this light more uni 
form; and the present invention also takes, as its Second 
objective, to provide an illumination apparatus, and a pro 
jection type display apparatus which incorporates it, with 
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which, while achieving a Sufficiently good uniformization of 
the illumination light by the rod integrator, also the freedom 
of design is increased by making the dimensions of the light 
Source more compact, and the like. 

SUMMARY OF THE INVENTION 

0.015. In order to attain the above described objectives, 
the first aspect of the present invention is a light conducting 
unit disposed between a light Source and a region which is 
to be illuminated, having a polygonal prism made from a 
first medium with a first coefficient of refraction, a first light 
conducting unit which directs light to be incident upon a first 
Surface of the polygonal prism, and a Second light conduct 
ing unit upon which light emitted from a Second Surface of 
the polygonal prism is incident, wherein the polygonal prism 
comprises a reflective device which reflects light which is 
incident into the polygonal prism from the first Surface 
towards the Second Surface, and a Second medium with a 
Second coefficient of refraction which is less than the first 
coefficient of refraction is provided at the first surface and 
the Second Surface. 

0016. In other words, with the first aspect of the present 
invention, the light which is incident upon the first light 
conducting unit is incident upon the first Surface of the 
polygonal prism. A portion of this light which is incident 
upon the polygonal prism is directly propagated towards the 
Second Surface, but, when it is incident upon the Second 
Surface at an angle of incidence which is large, due to the 
difference between the first and the second coefficient of 
refraction, it is totally internally reflected at the Second 
Surface towards the reflective device. The remainder of the 
light is propagated from the first Surface towards the reflec 
tive device. 

0.017. Furthermore, a portion of the light which has been 
reflected at the reflective device is propagated towards the 
first Surface, but, due to the fact that it is being propagated 
from the first medium whose coefficient of refraction is high 
towards the Second medium whose coefficient of refraction 
is low, and moreover because it is incident at an angle of 
incidence which is greater than the critical angle which may 
be determined from the coefficients of refraction of the first 
medium and of the Second medium, it is totally internally 
reflected at the first Surface towards the second Surface. The 
remainder of the light is reflected from the reflective device 
towards the second surface. The light which is emitted from 
the Second Surface is incident upon the Second light con 
ducting unit. When the light which has been emitted from 
the light Source is propagated through the first light con 
ducting unit, the polygonal prism, and the Second light 
conducting unit, its illumination distribution is made to be 
more uniform, and then it is emitted from the Second light 
conducting unit. 
0.018. In other words, by folding the light conducting 
unit, its length may be made to be longer, and, along with it 
becoming possible to obtain light whose illumination dis 
tribution has been made more uniform, the degree of free 
dom in positioning the light conducting unit is also 
enhanced, and it becomes possible to dispose the light 
conducting unit in a more restricted Space. 
0.019 Furthermore, as compared to a light conducting 
unit which is simply bent and folded, it is possible to reduce 
or to eliminate the occurrence of light which cannot be taken 
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advantage of for illumination because its emission direction 
is at too great an angle, or light which cannot be taken 
advantage of because it is reflected back in its direction of 
incidence by the bent and folded portion. As a result, it is 
possible to reduce the losses of the light which is incident 
upon this light conducting unit. 
0020. In order to implement the above described struc 
ture, in more concrete terms, it is desirable for the above 
described polygonal prism to be a triangular prism. 
0021 According to Such a structure, the triangular prism 
includes the first Surface upon which the necessary mini 
mum limit amount of light is incident, the Surface upon 
which the reflective device is provided, and the second 
Surface where the light is emitted. Due to this, useleSS space 
is no longer provided, So that it is possible to reduce the size 
of the light conducting unit, which is most desirable. 
0022. Furthermore, since no surfaces are provided which 
are not utilized, accordingly there is no leakage of light from 
Such Surfaces, and thus the efficiency of utilization of the 
incident light is not deteriorated. 
0023. In order to implement the above described struc 
ture, in more concrete terms, it will also be acceptable, the 
first light conducting unit and the Second light conducting 
unit are made in a tubular shape from at least one reflective 
body with a light reflective Surface facing inwards, interiors 
of the first light conducting unit and the Second light 
conducting unit are filled with the Second medium, and 
Surfaces of the first light conducting unit and the Second light 
conducting unit which are not provided with the reflective 
body constitute an incidence Surface and an emission Sur 
face. 

0024. According to this structure, the light which is 
incident upon the first light conducting unit and upon the 
Second light conducting unit is reflected by the reflective 
body, So that its illumination distribution is made more 
uniform. Since all of the light which is incident is reflected 
by the reflective body, there is no leakage of the light during 
Such reflection. Due to this, it is possible to Suppress losses 
of the light which is incident within the first light conducting 
unit and the Second light conducting unit. 
0025. In order to implement the above described struc 
ture, in more concrete terms, the first light conducting unit 
and the Second light conducting unit are made in the shape 
of posts from a third medium with a third coefficient of 
refraction, the third coefficient of refraction is greater than 
the coefficient of refraction of the medium which Surrounds 
the first light conducting unit and the Second light conduct 
ing unit, and the Second medium is disposed between the 
first light conducting unit and the first Surface, and between 
the Second light conducting unit and the Second Surface. 
0026. According to such a structure, since the light which 
cannot be taken advantage of for illumination because it has 
a large angle with respect to the longitudinal axial direction 
of the above described first and Second light conducting 
units has a Small angle of incidence at the boundary Surface 
which is parallel to the longitudinal axial direction, accord 
ingly it passes through without being totally internally 
reflected. The remainder of the light is propagated from the 
third medium whose coefficient of refraction is large towards 
the Surrounding medium whose coefficient of refraction is 
Small, and moreover is totally internally reflected, Since it is 
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incident at an angle of incidence which is larger than the 
critical angle, which may be determined from the coeffi 
cients of refraction of the third medium and of the Surround 
ing medium. 
0.027 Due to this, the proportion, in the light which is 
emitted from the Second light conducting unit, of the light 
which cannot be taken advantage of for illumination 
becomes Small. In other words, it is possible to enhance the 
efficiency of utilization of the light which is emitted from the 
Second light conducting unit. 

0028. In order to implement the above described struc 
ture, in more concrete terms, gaps between the first light 
conducting unit and the first Surface, and between the Second 
light conducting unit and the Second Surface, are greater than 
the product of the wavelength of the light which is being 
propagated through the first and Second light conducting 
units, and the Second coefficient of refraction. 

0029. According to such a structure, the gaps between the 
first light conducting unit and the first Surface, and between 
the Second light conducting unit and the Second Surface, are 
formed So as to be greater than the product of the wavelength 
of the light which is being propagated through the first and 
Second light conducting units, and the Second coefficient of 
refraction. Due to this, the width of the above described gaps 
is formed to be greater than the permeation depth of the 
Evanescent waves, So that it is possible to prevent the light 
which is incident under the conditions of total internal 
reflection from passing over these gaps. In other words, it is 
possible to enhance the efficiency of utilization of the 
incident light. 

0030) Furthermore, it is desirable for the above described 
gaps to be narrower than 0.1 mm, in order to reduce the 
proportion of the light which leaks out to the outside of the 
light conducting units from the above described gaps, and 
the proportion of the light which cannot be taken advantage 
of for illumination of the above described region to be 
illuminated because it is incident from the first emission 
Surface via the above described gapS upon the Second 
incidence Surface at a large angle of incidence. 
0031. In order to implement the above described struc 
ture, in more concrete terms, a first convex portion is 
provided at approximately a central portion of a Surface of 
the first light conducting unit which opposes the first Surface, 
a Second convex portion is provided at approximately a 
central portion of a Surface of the Second light conducting 
unit which opposes the Second Surface, and the first convex 
portion and the first Surface are in mutual contact, and the 
Second convex portion and the Second Surface are in mutual 
COntact. 

0032. According to such a structure, since the convex 
portion of the first light conducting unit and the first Surface, 
and the convex portion of the Second light conducting unit 
and the Second Surface, are in mutual contact, accordingly 
gaps are formed between the portions of the first light 
conducting unit which Surround its above described convex 
portion and the first Surface, and between the portions of the 
Second light conducting unit which Surround its above 
described convex portion and the Second Surface. Since the 
portions where the light is totally internally reflected by the 
first Surface and by the Second Surface are these Surrounding 
edge portions, accordingly the portions where the gaps are 
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required are these Surrounding edge portions, and no prob 
lem will arise of deficiency of total internal reflection, even 
though no gaps are formed at these approximate central 
portions. In other words, it is possible to prevent deteriora 
tion of the efficiency of utilization of the light which is 
incident. 

0033. Furthermore, since it is possible to adjust the above 
described gaps by adjusting the height of the convex por 
tions, accordingly it becomes easy to manufacture the light 
conducting units, Since it becomes easy to adjust the above 
described gaps in this manner. 
0034. In order to implement the above described struc 
ture, it is desirable to provide a reflection prevention device 
which Suppresses the reflection of light is provided upon at 
least one of the first Surface, the Second Surface, and the 
incidence Surfaces and the emission Surfaces of the first light 
conducting unit and of the Second light conducting unit. 
More desirable, it is desirable to utilize a reflection preven 
tion layer for this reflection prevention device. 
0035. According to such a structure, it is possible to 
enhance the efficiency of utilization of the light which is 
incident, Since the reflection of the light is reduced at least 
at one of the first Surface, the Second Surface, the incidence 
Surfaces of the first light conducting unit and of the Second 
light conducting unit, and their emission Surfaces. It should 
be understood that Since, even if Such a reflection prevention 
device is provided, the light which is incident at angles 
which are greater than the critical angle for total internal 
reflection will be totally internally reflected by the above 
described light transparent Surface, accordingly no loss of 
the efficiency of utilization of the light which is incident 
OCCS. 

0036 Furthermore, by utilizing a reflection prevention 
layer as the reflection prevention device, it is possible to 
reduce the Space which is occupied by the reflection pre 
vention device, and accordingly it is possible to arrange the 
light conducting unit in a tighter space than was previously 
possible. 

0037. The second aspect of the present invention, an 
illumination apparatus having a light Source, and the above 
described light conducting unit, located between the light 
Source and a region which is to be illuminated. 
0038. By utilizing a light conduction unit according to the 
present invention as the light conduction unit for an illumi 
nation apparatus, along with it being possible to enhance the 
uniformity of the distribution of illumination of the picture 
elements which are projected, also this is compatible with 
anticipation of a reduction in the overall size of the projec 
tion type display apparatus. 

0039 The third aspect of the present invention is a 
projection type display apparatus having the above 
described illumination apparatus, a light modulation device 
which modulates the light which has been emitted from the 
illumination apparatus, and a projection device which 
projects the light which has been modulated by the light 
modulation device. 

0040. By utilizing an illumination apparatus according to 
the present invention as the illumination apparatus for a 
projection type display apparatus, along with it being pos 
sible to enhance the uniformity of the distribution of illu 
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mination of the picture elements which are projected, also 
this is compatible with anticipation of a reduction in the 
overall size of the projection type display apparatus. 
0041. The fourth aspect of the present invention is an 
illumination apparatus having (a) a light Source which emits 
light for illumination, (b) a light concentration device which 
concentrates light from the light Source to a predetermined 
angular range, and (c) a light uniformization device formed 
from a transparent material in the shape of a post, and which 
has, at least at one of its ends, an inclined end Surface which 
defines an angle of inclination of approximately 45 with 
respect to the axis of the post shape, wherein the light 
uniformization device totally internally reflects the light 
from the inclined end Surface, when the light passes through 
the light concentration device and along the post shape. 
0042. According to this aspect, since the light uni 
formization device which is formed in a post shape from a 
material which is transparent to light totally internally 
reflects the light from the light Source which has passed 
along this post shape from the inclined end Surface which 
defines an angle of approximately 45 with respect to this 
Side Surface of the post shape, accordingly it is possible to 
conduct the light from the light Source at the Stage that it is 
incident upon the light uniformization device, or the light 
from the light Source at the Stage that it is emitted from the 
light uniformization device, in the direction which is 
approximately perpendicular to the axial direction of the 
post shape, without utilizing any reflective layer which is 
formed by coating. Accordingly it is possible, not only easily 
to Suppress increase of the dimension of the light Source 
which includes this light uniformization means and this light 
Source with regard to the axial direction of the post shape, 
but also to make the light from the light Source which has 
passed through the light uniformization means Sufficiently 
uniform. At this time, the post shape which is made from a 
light transparent material functions as a rod integrator for 
performing wave front Splitting and Superposition of the 
light from the light Source, and, furthermore, Since it is 
possible to totally internally reflect the light from the light 
Source at the Side Surfaces of the post shape in the vicinity 
of the inclined end Surface before or after it is incident upon 
the inclined end Surface, accordingly it is possible to 
increase the action for making the light from the light Source 
more uniform by a further Stage, Since the length of the rod 
integrator has effectively been increased in practice. 
0.043 Furthermore, with this aspect, the post shaped 
transparent light uniformization device may be formed in a 
post shape which has a first pair of Side Surfaces which are 
mutually parallel, and a Second pair of Side Surfaces which 
are mutually parallel and are also orthogonal to the first pair 
of Side Surfaces, and the inclined end Surface is orthogonal 
to the first pair of Side Surfaces and defines an angle of 
approximately 45 with respect to the Second pair of Side 
Surfaces. In this case, it is possible to implement illumina 
tion of a object which is to be illuminated which has a 
rectangular shape, Such as a display Screen or the like, 
Simply and easily. 
0044. Yet further, with this aspect, the post shaped trans 
parent light uniformization device, at least at one end of its 
four cornered post shaped rod integrator main body, is 
formed as a right angled prism portion with the inclined end 
Surface being its side Surface corresponding to the hypot 
CSC. 
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0045 Even further, with this aspect, the post shaped 
transparent light uniformization device may desirably be 
formed from a glass material with a coefficient of refraction 
Such as to implement total internal reflection at the inclined 
end Surface for the predetermined angular range and the 
angle of inclination. In this case, it becomes possible to 
illuminate the liquid crystal light valve or the like by 
reflection of the light source light from the inclined end 
Surface efficiently, without any losses. 
0046) Moreover, with this aspect, the light concentration 
device may conduct the light from the light Source into the 
light uniformization device via a transparent window Surface 
portion upon a one of the Second pair of Side Surfaces which 
is opposed to the inclined end Surface. In this case, the 
transparent window Surface portion which is opposed to the 
inclined end Surface constitutes the incident port for the light 
from the light Source, and the light from the light Source 
which is incident here is made more uniform by wave front 
Splitting and Superimposition being performed while it is 
efficiently shut in within the post shape made of transparent 
material, so that it may be emitted from the other end of the 
four cornered post shape. 
0047 Still further, with this aspect, the light concentra 
tion device may cause at least a major portion of the light 
from the light Source to be incident via the transparent 
window Surface portion upon the inclined end Surface either 
directly or indirectly. In this case, it is possible to make the 
light from the light Source be incident upon the inclined end 
Surface without any loSS, So that it becomes possible to 
illuminate the liquid crystal light valve or the like efficiently. 
0048. Furthermore, according to the concrete aspect of 
the present invention, the light uniformization device is 
reflected the light which has passed along the post shape 
from the inclined end Surface, and emits the light to the 
outside via a transparent window Surface portion upon one 
of the Second pair of Side Surfaces which is opposed to the 
inclined end Surface. In this case, the transparent window 
Surface portion which opposes the inclined end Surface 
becomes the emission port for the light from the light Source, 
So that it is possible to make the light from the light Source 
which has passed along the post shape which is made from 
a transparent material and which is emitted from the emis 
Sion port more uniform in an efficient manner. 
0049 Furthermore, according to the concrete aspect of 
the present invention, the light Source may be a Solid-State 
light Source Such as a LED, an organic EL element, or the 
like. In this case, along with freely controlling the wave 
length and the intensity of the light from the light Source, it 
is also possible to reduce the size of the light Source, and to 
reduce its power consumption. 
0050. The fifth aspect of the present invention, a projec 
tion type display apparatus having (a) the above described 
illumination apparatus, (b) a spatial light modulation device 
which is illuminated by illumination light which has been 
emitted from the illumination apparatus, and which modu 
lates the illumination light to produce an optical image, and 
(c) a projection optical System which projects the optical 
image produced by the Spatial light modulation device. 
Here, there is proposed a first projection type display appa 
ratus in which, in the Spatial light modulation device, there 
is included a display element Such as a liquid crystal light 
valve, a digital mirror device (DMD), or the like. 
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0051. With the above described projection type display 
apparatus Since an illumination apparatus according to the 
present invention as previously described above is utilized, 
along with preventing increase in the dimensions of the 
projection optical System due to elongation of the illumina 
tion apparatus, also it is possible to project picture elements 
of high quality at high brightness by making the light from 
the light Source more uniform. 
0.052 The sixth aspect of the present invention is a 
projection type display apparatus having (a) a plurality of 
illumination apparatuses for various colors, each of which is 
the above described an illumination apparatus, (b) for each 
of the various colors, a Spatial light modulation device which 
is illuminated by the illumination light of its corresponding 
color which has been emitted from the corresponding one of 
the illumination apparatuses, and which modulates the illu 
mination light to produce an optical image of the corre 
sponding color, (c) a light combination optical System which 
combines the optical images of the various colorS modulated 
by the Spatial light modulation devices of the corresponding 
colors, and (d) a projection optical System which projects an 
optical image produced by the combination by the light 
combination optical System. 
0.053 With the above described second projection type 
display apparatus, Since the illumination apparatuses accord 
ing to the present invention as previously described above 
are utilized, along with preventing increase in the dimen 
Sions of the projection optical System due to elongation of 
the illumination apparatuses, also it is possible to project 
color picture elements of high quality at high brightness by 
making the light from the light Sources more uniform. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.054 FIG. 1 is a schematic figure showing a projection 
type display apparatus according to a first embodiment of 
the present invention. 
0.055 FIG. 2 is a schematic figure showing the structure 
of a rod integrator which is incorporated in this projection 
type display apparatus according to the first embodiment of 
the present invention. 
0056 FIG. 3 is a schematic figure showing the structure 
of a rod integrator which is incorporated in a projection type 
display apparatus according to a Second embodiment of the 
present invention. 
0057 FIG. 4 is a schematic figure showing a variant 
embodiment of this rod integrator which is incorporated in 
the Second embodiment of the present invention. 
0.058 FIG. 5 is a schematic figure showing the structure 
of a prior art rod integrator. 
0059 FIG. 6 is a schematic figure showing the structure 
of a projection type display apparatus according to a third 
embodiment of the present invention. 
0060 FIGS. 7A and 7B are respectively a plan view and 
a side view showing an integrator optical System. 
0061 FIG. 8 is an explanatory figure for explanation of 
a right angled prism end portion of the integrator optical 
system of FIGS. 7A and 7B. 
0.062 FIG. 9 is an explanatory figure for explanation of 
the essential portions of a projection type display apparatus 
according to a fourth embodiment of the present invention. 
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0063 FIG. 10 is an explanatory figure for explanation of 
the essential portions of a projection type display apparatus 
according to a fifth embodiment of the present invention. 
0064 FIG. 11 is an explanatory figure for explanation of 
the essential portions of a projection type display apparatus 
according to a sixth embodiment of the present invention. 

0065 FIGS. 12A and 12B are respectively a plan view 
and a side view showing an integrator. 

0.066 FIGS. 13A to 13C are explanatory figures for 
explanation of the essential portions of a projection type 
display apparatus according to a Seventh embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0067 (First Embodiment) 
0068. In the following, the first preferred embodiment of 
the present invention will be described with reference to 
FIGS. 1 and 2. 

0069 FIG. 1 is a schematic figure showing the structure 
of a projection type display apparatus according to a first 
preferred embodiment of the present invention. 

0070. As shown in FIG. 1, this projection type display 
apparatus according to this preferred embodiment of the 
present invention generally includes individual illumination 
apparatuses 11r, 11g, and 11b which are respectively capable 
of emitting beams of R, G, and B colored light; liquid crystal 
light valves (light modulation device) 31, 32, and 33 which 
respectively correspond to the R, G, and B light beams 
which have been emitted by the illumination apparatuses 
11r, 11g, and 11b respectively; a cross dichroic prism 35 
which combines the R, G, and B light beams which have 
been respectively modulated by the liquid crystal light 
valves 31, 32, and 33; and a projection lens (projection 
device) 41 which projects the resulting combined ray bundle 
upon a Screen S. 

0071. The illumination apparatuses 11r, 11g, and 11b are 
all basically of the same Structure, and accordingly, by way 
of example, only the illumination apparatus 11r will herein 
be explained. 

0072 FIG. 2 is a schematic figure showing the structure 
of a rod integrator 50. 

0073. The illumination apparatus 11r, as shown in FIG. 
1, includes a LED (a light source) 12r which can emit red 
colored light, and a rod integrator (a light conducting unit) 
50 which makes the distribution of the illumination which 
has been emitted from the LED 12r uniform. 

0074 This rod integrator 50, as shown in FIG. 2, 
includes an incidence side rod lens (a first light conducting 
unit) 51 upon which the red colored light which has been 
emitted from the LED 12r is incident, a triangular prism (a 
polygonal prism) 52 which bends (folds) the red colored 
light which has been emitted from the incidence side rod 
lens 51, and an emission side rod lens (a Second light 
conducting unit) 53 which emits the red colored light which 
has thus been bent by the triangular prism 52 towards the 
liquid crystal light valve 31. 
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0075) The incidence side rod lens 51 is formed by com 
bining four reflective plates (reflective bodies) 54 into a 
tubular shape with their reflective Surfaces facing to the 
inside, and by filling the inside of this tubular shape with air 
(a Second medium) (whose coefficient of refraction is 
approximately 1.0). In addition, the emission side rod lens 
53 is made in the same way as a combination of four 
reflective plates 54, and its interior is also filled with air. 

0.076 The triangular prism 52 is made from glass (a first 
medium) whose coefficient of refraction has a value between 
about 1.45 and 1.92, differing according to the type of the 
glass. This triangular prism 52 has an incidence Surface (a 
first surface) 55 which faces the incidence side rod lens 51, 
an emission Surface (a Second Surface) 56 which faces the 
emission side rod lens 53, and a reflective Surface 57 which 
is provided with a reflective layer (a reflective device) 57a 
which is adjacent to the abovementioned prism incidence 
surface 55 and prism emission Surface 56. Reflection pre 
vention layers 58 are provided upon the prism incidence 
surface 55 and upon the prism emission surface 56, and they 
restrict the reflection ratio of the light incident upon these 
surfaces. These reflection prevention layers 58 suppress 
reflection of light which is incident at angles less than the 
total reflection critical angle (which may be determined from 
the coefficients of refraction of the glass and of air) for the 
prism incidence Surface 55 and the prism emission Surface 
56, and they are made from a material which does not hinder 
the total reflection of light which is incident at angles greater 
than Said critical angle. 

0077. It should be understood that it will be acceptable 
provided that the nature of the material from which the 
triangular prism 52 is made is Such that its coefficient of 
refraction is greater than the coefficient of refraction of the 
material which fills the interiors of the incidence side rod 
lens 51 and the emission side rod lens 53; in this case, for 
example, a transparent resin will be acceptable. Further 
more, conversely, it will be acceptable provided that the 
nature of the material which fills the interiors of the inci 
dence side rod lens 51 and the emission side rod lens 53 is 
Such that its coefficient of refraction is less than the coeffi 
cient of refraction of the material from which the triangular 
prism 52 is made; in this case, for example, a Silicon gel will 
be acceptable. Furthermore, the triangular prism 52 is not to 
be considered as being limited to one in which a reflection 
prevention layer 58 is provided to the prism incidence 
surface 55 and to the prism emission surface 56; it would 
also be acceptable if Such a reflection prevention layer were 
to be applied to only one or the other of the prism incidence 
surface 55 and the prism emission surface 56. 

0078. The liquid crystal light valves 31, 32, and 33 each 
includes a liquid crystal panel, an incidence Side polarization 
plate (not shown in the drawings) and an emission side 
polarization plate (not shown in the drawings either), and, in 
this liquid crystal panel, there is employed a liquid crystal 
cell of the TN (Twisted Nematic) active matrix mode 
transparent type which employs thin film transistors (here 
inafter abbreviated as TFTs) as picture element switching 
elements. 

007.9 The cross dichroic prism 35 is made up from four 
right angled prisms mutually adhered together, and, on the 
inner Surfaces thereof, a dielectric multilayered filmed film 
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which reflects red colored light and a dielectric multilayered 
filmed film which reflects blue colored light are formed in a 
croSS Shape. 
0080 Next, the operation of the projection device con 
stituted as described above will be explained. 
0081. Since the operation of all three of the illumination 
apparatuses 11r, 11g, and 11b is basically exactly the Same, 
herein, only the operation of the illumination apparatus 11r 
will be explained, by way of example. 
0082 In the illumination apparatus 11, the colored light 
R which has been emitted from the LED 12r, as shown in 
FIG. 1, is incident upon the incidence side rod lens 51. This 
colored light which has been incident into the incidence Side 
rod lens 51 is propagated while being reflected by the 
reflective plate 54, and is emitted after its illumination 
distribution has been made uniform. 

0083. The greater portion of the colored light which has 
been emitted from the incidence side rod lens 51 is incident 
upon the prism incidence Surface 55 at an angle of incidence 
which is less than the critical angle of that prism incidence 
Surface 55, So that it passes through the reflection prevention 
layer 58 and is propagated from the prism incidence Surface 
55 within the triangular prism 52. This colored light which 
has been propagated within the triangular prism 52 is 
reflected towards the prism emission surface 56 by the 
reflective layer 57a on the reflective surface 57, and is 
incident upon the prism emission Surface 56 at an angle of 
incidence which is less than the critical angle of that prism 
emission surface 56. This colored light which has been 
incident upon the prism emission Surface 56 passes through 
its reflection prevention layer 58 and is emitted from said 
prism emission Surface 56 towards the emission side rod 
lens 53. 

0084. This colored light which has been emitted from the 
prism emission Surface 56 is incident upon the emission side 
rod lens 53 and is propagated while being reflected by the 
reflective plate 54, and it is emitted towards the liquid crystal 
light valve 31 after its illumination distribution has been 
made uniform. 

0085. Furthermore, with regard to the colored light which 
was incident upon the incidence Side rod lens 51, the colored 
light which is propagated along the path shown in FIG. 2 by 
the arrow sign A is reflected by the reflective surface 57 and 
is incident upon the prism incidence surface 55 from the 
interior side of the triangular prism 52. This colored light 
which is thus incident upon the prism incidence surface 55 
is incident from the glass Side whose coefficient of refraction 
is the larger toward the air Side whose coefficient of refrac 
tion is the Smaller, and moreover is totally reflected Since it 
is incident upon the prism incident Surface 55 at an angle of 
incidence which is greater than the critical angle, and it is 
accordingly propagated towards the prism emission Surface 
56 and is emitted therefrom. This colored light which has 
been emitted from the prism emission surface 56 is incident 
upon the emission side rod lens 53, and is emitted towards 
the liquid crystal light valve 31 after its illumination distri 
bution has been made uniform. 

0086) Furthermore, the colored light which is propagated 
along the path which is shown in FIG. 2 by the arrow sign 
B is incident into the triangular prism 52 from the prism 
incidence Surface 55, and is directly incident upon the prism 
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emission surface 56. This colored light which is incident 
upon the prism emission Surface 56 is incident from the glass 
Side which has a coefficient of refraction which is the larger 
towards the air side which has a coefficient of refraction 
which is the Smaller, and moreover is totally reflected Since 
it is incident at an angle of incidence which is greater than 
the critical angle, and accordingly it is propagated towards 
the reflective surface 57. This colored light which is thus 
incident upon the reflective surface 57 is reflected towards 
the prism emission surface 56 and is emitted from that prism 
emission surface 56. And this colored light which has been 
emitted from the prism emission surface 56 is incident into 
the emission side rod lens 53, and is emitted towards the 
liquid crystal light valve 31 after its illumination distribution 
has been made uniform. 

0.087 AS has been described above, the beams of red, 
green, and blue colored light which are emitted from the 
illumination apparatuses 11r, 11g, and 11b respectively are 
incident, as shown in FIG. 1, upon the liquid crystal light 
valves 31, 32, and 33 for the respective colors. These beams 
of colored light which have thus been incident are modu 
lated by these liquid crystal light valves 31, 32, and 33, and 
are emitted towards the cross dichroic prism 35. The beams 
of light which have thus been modulated are combined by 
the cross dichroic prism 35 and are emitted towards the 
projection lens 41. This projection lens 41 projects the 
combined beam of colored light towards the screen S in a 
magnified form. 

0088 According to the above described structure, by the 
rod integrator 50 being bent, its length is increased, and, 
along with it thereby being possible to obtain light of which 
the illumination distribution has been made more uniform, it 
is also possible to dispose the rod integrator 50 in a restricted 
Space, whereby the freedom in disposition of the rod inte 
grator is enhanced. 
0089. Furthermore, by comparison with a device in 
which the rod integrator 50 is simply bent, it is possible to 
eliminate light which cannot be taken advantage of for 
illumination of the liquid crystal light valves 31, 32, and 33 
because the emission direction of Such light has become too 
great, or light which is reflected by the bent portion in the 
incident direction of the light and which accordingly cannot 
be taken advantage of. Due to this, it is possible to eliminate 
loss of the light which is incident upon the rod integrator 50. 
0090 The triangular prism 52 is made up from only the 
prism incidence Surface 55 upon which the minimum nec 
essary amount of colored light is incident, the reflective 
surface 57 upon which the reflective layer 57a is provided, 
and the prism emission surface 56 at which the colored light 
is emitted. Due to this, the present invention can be advan 
tageously applied to the manufacture of a compact rod 
integrator which does not require any unnecessary Space. 

0.091 Furthermore, since the device has no surfaces 
which are not utilized, accordingly no light can leak from 
Such Surfaces, and therefore the efficiency of utilization of 
the light which is incident upon this rod integrator 50 is not 
deteriorated by Such leakage. 
0092. It is possible to enhance the efficiency of utilization 
of the light which is incident upon the rod integrator 50 by 
providing the reflection prevention layer 58, since reflection 
of the light which is incident at angles less than the critical 
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angles for the prism incidence Surface 55 and the prism 
emission Surface 56 is reduced. It should be understood that 
there is no loss of efficiency of utilization of the light which 
is incident upon the rod integrator, even though the reflective 
layer 58 is provided, since there is no hindrance to the total 
reflection of the light which is incident at angles greater than 
the critical angle. 
0093. The illumination distributions of the light which is 
incident upon the incidence side rod lens 51 and of the light 
which is incident upon the emission side rod lens 53 are 
made more uniform by this reflection from the reflective 
plate 54. Since all the light which is incident upon the 
reflective plate 54 is reflected, there is no leakage of the light 
when it is reflected. Due to this, it is possible to prevent any 
loSS of the light which is incident upon the incidence Side rod 
lens 51 and upon the emission side rod lens 53. 
0094) (Second Embodiment) 
0095. In the following, the second preferred embodiment 
of the present invention will be described with reference to 
FIGS. 3 and 4. 

0096. The basic structure of this projection type display 
apparatus according to the Second preferred embodiment of 
the present invention is the same as that of the projection 
type display apparatus of the first preferred embodiment, but 
the structure of the rod integrators is different from that in 
the first preferred embodiment. Accordingly, for this Second 
preferred embodiment, only the portions in the neighbor 
hood of the rod integrators will be explained using FIGS. 3 
and 4, and the explanation of the liquid crystal light valves 
and so on will be curtailed. 

0097 FIG. 3 is a schematic figure showing the structure 
of the one of the rod integrators 60 which are incorporated 
in this projection type display apparatus according to the 
second preferred embodiment of the present invention which 
corresponds to the red colored light; the Structures of the 
corresponding rod integrators for the green colored light and 
for the blue colored light are similar, and hence will not be 
particularly described. 
0098. This rod integrator (light conducting unit) 60, as 
shown in FIG. 3, includes an incidence side rod lens (a first 
light conducting unit) 61 upon which the colored light which 
has been emitted from the LED 12r is incident, a triangular 
prism 52 which folds and bends round this colored light 
which has been emitted from the incidence side rod lens 61, 
and an emission side rod lens (a Second light conducting 
unit) 63 from which the colored light which has thus been 
bent and folded is emitted towards the liquid crystal light 
valve 31. 

0099. The incidence side rod lens 61 and the emission 
Side rod lens 63 are made in the form of rectangular pillars 
using a glass (a third medium) whose coefficient of refrac 
tion has a value between about 1.45 and about 1.92, accord 
ing to the type of glass. Along with the Surface of the 
incidence side rod lens 61 which faces the LED 12r being 
made as a first incidence Surface 66 upon which the red 
colored light therefrom is incident, this side rod lens 61 is 
also made with a first emission Surface 61 which faces the 
prism incidence surface 55 of the triangular prism 52, and 
which emits the red colored light. In addition, Similarly, 
along with the Surface of the emission side rod lens 63 which 
faces the prism emission Surface 56 of the triangular prism 
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52 being made as a Second incidence Surface 68, the Surface 
of this emission side rod lens 63 which faces the liquid 
crystal light valve 31 is also formed as a Second emission 
surface 69 which emits the red colored light. In addition, 
reflection prevention layers 68 are provided upon this first 
incidence Surface 66, this first emission Surface 67, this 
Second incidence Surface 68, and this Second emission 
Surface 69. 

0100. It should be understood that the incidence side rod 
lens 61 and the emission side rod lens 63 are not to be 
considered as being limited to ones upon which Such reflec 
tion prevention layers 58 are provided over all of the first 
incidence Surface 66, the first emission Surface 67, the 
Second incidence Surface 68, and the Second emission Sur 
face 69 as described above; it would be acceptable for at 
least one of these Surfaces to be provided with Such a 
reflection prevention layer. 
0101 Furthermore, a gap L is provided between the first 
emission surface 67 and the prism incidence surface 55, and 
a similar gap L is provided between the Second incidence 
surface 68 and the prism emission surface 56, and these 
gaps) are filled with air. AS for the dimensions of these gaps 
L, they are formed between a lower limit of the product of 
the wavelength of the colored light which is being propa 
gated through them (i.e., of red light in this case) and the 
coefficient of refraction of air, and an upper limit of about 
0.1 mm. 

0102) It should be understood that the nature of the 
material from which this incidence side rod lens 61 and this 
emission side rod lens 63 are formed is such that it is 
endowed with a coefficient of refraction which is higher than 
the coefficient of refraction of the material which is present 
around them (in this case, air), and this material may, for 
example, be a transparent resin. 

0103). Furthermore, as the material which fills the gaps L, 
it will be acceptable provided that it is a material which is 
endowed with a coefficient of refraction which is lower than 
the coefficient of refraction of the material from which the 
triangular prism 52 is made; for example, Silicon gel may be 
used. 

0104 FIG. 4 is a schematic figure showing a variant 
embodiment of this rod integrator which is incorporated in 
the Second preferred embodiment of the present invention. 

0105. It should be understood that, as shown in FIG. 4, 
a first convex portion 65a is formed roughly in the central 
portion of the first emission surface 67, and similarly a 
second convex portion 65b is formed roughly in the center 
of the second incidence surface 68, and the members may be 
arranged so that the first convex portion 65a of the first 
emission Surface 67 is in contact with the prism incidence 
surface 55, and similarly so that the second convex portion 
65b of the Second incident Surface 68 is in contact with the 
prism emission Surface 56. 
0106 Next, the operation of the rod integrator 60 having 
the above described structure will be explained. 
0107 The red colored light which is incident upon the 
incidence side rod lens 61 from its first incidence Surface 66 
through its reflection prevention layer 58 is propagated 
while being totally internally reflected by the boundary 
Surfaces which are parallel to the lengthwise axial direction 
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of the incidence side rod lens 61, and is emitted from the first 
emission Surface 67 through its reflection prevention layer 
58 after its illumination distribution has been made more 
uniform. 

0108. The red colored light which has been emitted from 
the first emission Surface 67 is incident upon the prism 
incidence Surface 55 at an angle of incidence which is leSS 
than the critical angle at this prism incidence Surface 55, and 
passes through the reflection prevention layer 58 and is 
propagated from the prism incidence Surface 55 within the 
triangular prism 52. This red colored light which is propa 
gated within the triangular prism 52 is reflected by the 
reflective layer 57a upon the reflective surface 57 towards 
the prism emission Surface 56, and is incident upon this 
prism emission Surface 56 at an angle which is less than the 
critical angle at this prism emission Surface 56. And this red 
colored light which is thus incident upon the prism emission 
surface 56 passes through the reflection prevention layer 58 
thereupon and is emitted from the prism emission Surface 56 
towards the second incidence Surface 68. 

0109 The red colored light which has been emitted from 
the prism emission Surface 56 is incident upon the Second 
incidence Surface 68 and passes through its reflection pre 
vention layer 58, and is propagated within the emission side 
rod lens 63. And this light which is propagated within the 
emission Side rod lens 63 is propagated while being totally 
internally reflected from the boundary surfaces which are 
parallel to the lengthwise axial direction of Said emission 
Side rod lens 63, and is emitted from the Second emission 
surface 69 through its reflection prevention layer 58 after its 
illumination distribution has been made yet more uniform. 
0110. Furthermore, the portion of the red colored light 
which is incident upon the incidence Side rod lens 61 and 
which is propagated along the path shown in FIG. 3 by the 
arrow sign C is reflected by the reflective surface 57 and is 
incident from the interior of the triangular prism 52 upon its 
prism incidence surface 55. Since this colored light which is 
thus incident upon the prism incidence Surface 55 is incident 
from the side of the glass whose coefficient of refraction is 
the larger towards the side of the air whose coefficient of 
refraction is the Smaller, and Since moreover it is incident at 
an angle of incidence which is greater than the critical angle 
at the prism incidence Surface 55, accordingly it is totally 
internally reflected, and is propagated towards the prism 
emission Surface 56 and is emitted therefrom. And this red 
colored light which has been emitted from the prism emis 
Sion Surface 56 is incident upon the emission Side rod lens 
63, and is emitted therefrom after its illumination distribu 
tion has been made yet more uniform. 
0111 Furthermore, the portion of the red colored light 
which is propagated along the path shown by the arrow sign 
D in FIG. 3 is incident into the triangular prism 52 from its 
prism incidence Surface 55, and is then directly incident 
upon the prism emission Surface 56. And Since this red 
colored light which is incident upon the prism emission 
surface 56 is incident from the side of the glass whose 
coefficient of refraction is the larger towards the side of the 
air whose coefficient of refraction is the Smaller, and Since 
moreover it is incident at an angle of incidence which is 
greater than the critical angle at this prism emission Surface 
56, accordingly it is totally internally reflected, and is 
propagated towards the reflective surface 57. This red col 
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ored light which is incident upon the reflective surface 57 is 
then reflected towards the prism emission surface 56 and is 
emitted from this prism emission Surface 56. In addition, this 
red colored light which has been emitted from the prism 
emission Surface 66 is incident upon the emission Side rod 
lens 63, and is emitted therefrom after its illumination 
distribution has been made yet more uniform. 
0112 According to the above described structure, since 
the light which is being propagated at a large angle with 
respect to the lengthwise axial directions of the incident Side 
rod lens 61 and the emission side rod lens 63 and which thus 
cannot be taken advantage of for illumination of the liquid 
crystal light valves 31, 32, and 33 is incident at a small angle 
of incidence to the boundary Surfaces which are parallel to 
Said longitudinal axial directions, accordingly it passes 
through the above described boundary Surfaces and leaks out 
to the exterior of the device. The remainder of the light is 
totally internally reflected due to the difference between the 
coefficients of refraction of the glass and of the air, Since it 
is incident upon the above described boundary Surfaces at 
angles of incidence which are relatively large. 
0113. Due to this, the proportion of the light in the light 
which has been emitted from the emission side rod lens 63 
which cannot be taken advantage of for illumination of the 
liquid crystal light valves 31, 32, and 33 is relatively small. 
In other words, it is possible to enhance the utilization 
efficiency for the light which has been emitted from the 
emission side rod lens 63. 

0114. By providing the reflection prevention layers 58, it 
is possible to enhance the efficiency of utilization of the light 
which is incident upon the rod integrator 60, Since reflection 
of the light which is incident at angles less than the critical 
angles upon the first incidence Surface 66, the first emission 
Surface 67, the second incidence Surface 68, and the second 
incidence Surface 69 is reduced. It should be understood that 
there is no loss of the efficiency of utilization of the light 
which is incident upon the rod integrator 60 even if the 
reflection prevention layers 58 are provided, since no hin 
drance is imposed upon the total internal reflection of the 
light which is incident at angles which are greater than the 
critical angle. 
0115 The gaps L between the first emission surface 67 
and the prism incidence surface 55, and between the second 
incidence Surface 68 and the prism emission Surface 56, are 
formed to be wider than the product of the coefficient of 
refraction of air and the wavelength of the colored light 
which is being transmitted acroSS Said gaps L. Due to this, 
the widths of the above described gaps L are made to be 
wider than the evanescent wave propagation depth, So that 
it is possible to prevent light which has been incident under 
conditions which should produce total internal reflection 
from being transmitted through these gaps L. In other words, 
it is possible to prevent deterioration of the efficiency of 
utilization of the light which is incident. 
0116 Furthermore, since the above described gaps L are 
made to be narrower than 0.1 mm, it is possible to reduce the 
proportion of the light which leaks out from the above 
described gap L to the exterior of this rod integrator 60, and 
the proportion of the light which is incident at a large angle 
of incidence upon the Second incidence Surface 68 after 
having passed through the above described gap L from the 
first emission Surface 67 and which accordingly cannot be 

Jan. 27, 2005 

taken advantage of for illumination of the liquid crystal light 
valves 31, 32, and 33. In other words, it is possible to prevent 
deterioration of the efficiency of utilization of the light 
which is incident. 

0.117) Since the convex portion 65a of the first emission 
surface. 67 and the prism incidence surface 55, and the 
convex portion 65b of the second incidence surface 68 and 
the prism emission Surface 56, are in contact with one 
another, accordingly the gaps L are defined between the 
portion of the first emission Surface 67 surrounding the 
convex portion 65 and the prism incidence surface 55, and 
between the portion of the second incidence surface 68 
Surrounding the convex portion 65b and the prism emission 
Surface 56. Since the portions of the prism incidence Surface 
55 and of the prism emission surface 56 at which total 
internal reflection of the red colored light takes place are 
these Surrounding edge portions, accordingly the portions at 
which the gaps L are necessary are the above described 
Surrounding edge portions, So that no problem occurs due to 
total internal reflection in the roughly central portions of 
these Surfaces, even though no gaps are formed there. In 
other words, it is possible to prevent deterioration of the 
efficiency of utilization of the light which is incident. 
0118. Furthermore, the adjustment of the gap L is easy 
Since it is possible to adjust the gap L by adjusting the height 
of the convex portions 65a and 65b, and accordingly the 
construction of this rod integrator 60 becomes easy. 
0119) It should be understood that the technical scope of 
the present invention is not to be considered as being limited 
to the above described preferred embodiment thereof; rather, 
it is possible to Supplement various changes to the Scope of 
the present invention, provided that its gist is not departed 
from. 

0120 For example although, in the above described third 
preferred embodiment of the present invention, the expla 
nation was made in terms of an example in which the light 
Sources of the illumination apparatuses were implemented as 
LEDs, in fact these light Sources are not to be considered as 
being limited to being LEDs; it would also be possible, for 
example, to apply the present invention to the cases of 
various other types of light Sources, Such as halogen lamps 
or the like. 

0121 Furthermore although, in the above described third 
preferred embodiment of the present invention, the expla 
nation was made in terms of an example in which the rod 
integrators were angled through about 90, in fact this angle 
of 90 is not to be taken as being limitative of the present 
invention; it would be possible to apply the present inven 
tion to cases in which these rod integrator angles assumed 
various other values. 

0122) (Third Embodiment) 
0123 FIG. 6 is a block diagram for general explanation 
of the structure of a projection type display apparatus (i.e., 
a projector) according to a third preferred embodiment of the 
present invention. This projector 110 comprises an illumi 
nation apparatus 120, a light modulation device 130, a 
projection lens 140, and a control device 150. Here, the 
illumination apparatus 120 includes a green (G) colored 
light illumination apparatus 121, a blue (B) colored light 
illumination apparatus 123, a red (R) colored light illumi 
nation apparatus 125, and a light Source drive device 127. 
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Furthermore, the light modulation device 130 comprises 
three liquid crystal light valves 131, 133, and 135 which are 
Spatial light modulation devices, a croSS dichroic prism 137 
which is a light combination optical System, and an element 
light drive device 138 which outputs drive signals for the 
liquid crystal light valves 131, 133, and 135. 
0.124. The illumination apparatus G comprises a light 
Source unit 121a for green (G) colored light, a first con 
densing lens 121b, an integrator optical System 121c, and a 
Second condensing lens 121d. Herein, the light Source unit 
121a for green colored light is made up by fitting a plurality 
of LEDs 121f, which may be termed solid state light sources, 
in an appropriate two dimensional array upon a circuit base 
board 121g, and it also comprises optical members 121h 
which are lens elements which are individually disposed for 
shaping the beams at the front of each of the LEDs 121c. 
Each of the LEDs 121f generates its own beam of green (G) 
light, which is included in the range of green (G) light, 
which is one of the three primary colors. The green (G) light 
which is emitted from the LEDs 121f, in other words the first 
light Source light beam LG after having passed through the 
optical members 121h and the first condensing lens 121b, is 
incident upon an incident port IP of the integrator optical 
System 121c, which is a light uniformization means. At this 
time, the light from each of the LEDs 121f is made into a 
Suitably converged beam by the first condensing lens 121b, 
and is converged by the first condensing lens 121b without 
any waste, and then these beams are mutually Superimposed 
and are incident upon the incident port IP of the integrator 
optical system 121c. The first illumination light LG' which 
has passed through the integrator optical System 121C and 
has been emitted from its emission port OP is incident via 
the Second condensing lens 121d upon the liquid crystal 
light valve 131 for green (G) light in the light modulation 
device 130. Due to this, the illumination reception region 
(the picture element information creation region) of the 
liquid crystal light valve 131 is uniformly illuminated with 
green (G) light. In the above, the topping lenses of the LEDs 
121f, the optical members 121h, and the first condensing 
lens 121b constitute a light condensing means which con 
denses the light LG of the first light source LG to a suitable 
eXtent. 

0.125. In the following, the structure and the function of 
the integrator optical system 121c will be described with 
reference to FIGS. 7A through 8. It should be understood 
that FIG. 7A is a plan view of this integrator optical system 
121c, while FIG. 7B is a side view of said integrator optical 
system 121c. Furthermore, FIG. 8 is an enlarged view 
showing an end portion of the integrator optical System 
121C. 

0.126 This integrator optical system 121c is a four cor 
nered transparent post shaped member which is made by 
processing glass, and, at one of its ends, it has an external 
shape which is made by cutting off this four cornered post 
shape at an angle of inclination of 45. In other words, this 
integrator optical System 121C is made up from a four 
cornered post shaped rod integrator main body 161c which 
has a rectangular croSS Section, and a right angled prism 
portion 163 which is provided at one end of said rod 
integrator main body 161. Among these, the rod integrator 
main body 161 has a first pair of mutually opposing side 
surfaces 161a and 161b, and a second pair of mutually 
opposing side surfaces 161d and 161e which are formed so 
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as to be orthogonal to the first pair of Side Surfaces 161a and 
161b. On the other hand, the right angled prism portion 163 
comprises a inclined end Surface 163a which functions as a 
Side Surface which corresponds to its hypotenuse, and this 
inclined end Surface 163a is perpendicular to the first pair of 
side surfaces 161a and 161b, while making an angle of 45 
with respect to the one 161d of the second pair of side 
surfaces; and it is able to totally internal reflect the light LG 
from the light Source which has passed through an incident 
port IP which is a transparent window Surface portion. 
0127. The light LG from the light source which has been 
incident upon the incident port IP of this integrator optical 
System 121C is directly incident upon the inclined end 
Surface 163a which opposes Said incident port, or is incident 
upon said inclined end Surface 163a after having been 
reflected by the pair of end Surface portions 163c, 163d of 
the right angled prism portion 163 or the like. The light LG 
from the light Source which has been incident upon the 
inclined end surface 163a is totally internally reflected by 
this inclined end surface 163a and its optical path is bent 
around without any loss, So that it is conducted to the rod 
integrator main body 161. At this time, the light LG from the 
light Source is incident upon the interior of the incident port 
IP, in other words inside the edges EG1, EG2, and EG3 as 
shown in FIG. 8. Furthermore, the light LG from the light 
Source is incident beyond the line of intersection EG4 
between the side surface 161d of the rod integrator main 
body 161 and the inclined end Surface 163a of the right 
angled prism portion 163, more towards the side of the 
inclined end Surface 163a. As a result, the light LG from the 
light Source is incident upon the incident port IP inside of the 
boundary line B1. Furthermore if, before or after the light 
LG from the light Source is incident upon the inclined end 
Surface 163a, it is incident upon the inner Surfaces Such as 
the end surface portions 163c and 163d and so on which 
define the right angled prism portion 163, then this light LG 
from the light Source is totally internally reflected at these 
inner Surfaces. In other words, the right angled prism portion 
163 also functions as an integrator. 
0128. As shown in FIG. 8, the light ray L1 which is 
parallel to the optical axis in the light LG which is incident 
from the incident port IP upon the right angled prism portion 
163 is bent through an angle of 90 by being totally 
internally reflected by the inclined end surface 163a which 
is provided to the right angled prism portion 163, and is 
incident upon the rod integrator main body 161, and pro 
ceeds along the axial direction of the rod integrator main 
body 161. Furthermore, the light LG from the light source 
which is incident upon the right angled prism portion 163 
has a certain angular range, and the light ray L2 which is 
inclined at the maximum angle on the one side with respect 
to the optical axis is refracted by the incident port IP, and, 
just like the light ray L1, is totally internally reflected by the 
inclined end surface 163a. Furthermore, the light ray L3 
which is inclined at the maximum angle on the other Side 
with respect to the optical axis is refracted by the incident 
port IP, and, just like the light ray L2, is totally internally 
reflected by the inclined end surface 163a. 
0129. Here, the condition for total internal reflection by 
the inclined end surface 163a of the light rays L1 through L3 
which are incident upon the right angled prism portion 163 
should be considered. Thus, the light ray L3 is considered 
for which the occurrence of this total internal reflection is the 
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most difficult. If the angle of incidence from air upon the 
incident port IP is termed a, the coefficient of refraction of 
the rod integrator main body 161 and of the right angled 
prism portion 163 is termed n, and the angle of refraction 
within the glass, in other words within the right angled prism 
portion 163, is termed b, then b is given by: 

b=sin(sin a)/n) 
0130. On the other hand, the critical angle 0c for total 
internal reflection of the angle of incidence 0=(45°-b) at the 
inclined end surface 163a is given by: 

0131 and, if 0 is greater than 0c, then the light ray L3 is 
totally internally reflected at the inclined end surface 163a. 
In concrete terms, if the coefficient of refraction n of the 
glass is taken as n=1.7581, and the angle of incidence, which 
corresponds to the angular range of the light LG from the 
light Source, is taken as a = 18, then the angle of refraction 
b becomes b=10.1, and the minimum angle of incidence 0 
becomes 0=34.9. On the other hand, since the critical angle 
0c is 34.7, all of the light rays L1 through L3 come to be 
totally internally reflected by the inclined end surface 163a. 
In other words, Simply by adjusting the coefficient of refrac 
tion of the right angled prism portion 163, and without 
providing any reflective layer upon the inclined end Surface 
163a, it is possible to direct the light LG from the light 
Source which is incident from the incident port IP towards 
the rod integrator main body 161 by 100% total internal 
reflection with the right angled prism portion 163 which is 
perpendicular thereto. It should be understood that, if a 
reflective layer made from a dielectric or aluminum or the 
like is formed upon the inclined end surface 163a, it is 
necessary to prevent formation of this reflective layer from 
Spreading to the portions Surrounding the inclined end 
Surface 163a, and accordingly the manufacturing cost of the 
right angled prism portion 163, in other words of the 
integrator optical System 121c as a whole, is increased. 

0132) Returning to the discussion of FIG. 6, the blue (B) 
light illumination apparatus 123 includes a light Source unit 
123a for blue (B) light, a first condensing lens 123b, an 
integrator optical System 123c, and a Second condensing 
lens 123d. Among these, the light source unit 123a for blue 
(B) light has the same structure as the light Source unit 121a 
for green (G) light, but the LEDs 123f upon the circuit base 
board 123g are ones which generate blue (B) light which is 
included in the range of blue (B) light which is one of the 
three primary colors, and the light LB from the Second light 
source which consists of this blue (B) light is incident via the 
optical members 123h and the first condensing lens 123b 
upon the integrator optical System 123c. The detailed expla 
nation of this integrator optical system 123c will herein be 
curtailed, Since it has the same Structure as that of the 
integrator optical System 121c for green (G) colored light, as 
shown in FIGS. 7A, 7B, and 8. The second illumination 
light LB" which has passed through this integrator optical 
system 123c is made uniform by wave front splitting and 
Superposition without any losses, and is incident via the 
Second condensing lens 123d upon the liquid crystal light 
valve 133 for blue (B) light of the light modulation device 
130. Due to this, the illumination reception region (the 
picture element information creation region) upon the liquid 
crystal light valve 133 is uniformly illuminated with blue 
(B) light. 
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0133. In addition, as for the red (R) light illumination 
apparatus 125, it comprises a light Source unit 125a for red 
(R) light, a first condensing lens 125b, an integrator optical 
System 125c, and a Second condensing lens 125d. Among 
these, the light source unit 125a for red (R) light has the 
same structure as the light Source unit 121a for green (G) 
light and the light source unit 123a for blue (B) light, but the 
LEDs 125f upon the circuit base board 125g are ones which 
generate red (R) light which is included in the range of red 
(R) light which is one of the three primary colors, and the 
light LR from the third light source which consists of this red 
(R) light is incident via the optical members 125h and the 
first condensing lens 125b upon the integrator optical System 
123c. The detailed explanation of this integrator optical 
system 125c will herein be curtailed, since it has the same 
Structure as those of the integrator optical System 121c for 
green (G) colored light and of the integrator optical System 
123c for blue (B) colored light, as shown in FIGS. 7A, 7B, 
and 8. The third illumination light LR' which has passed 
through this integrator optical System 125c is made uniform 
by wave front Splitting and Superposition without any losses, 
and is incident via the Second condensing lens 125d upon the 
liquid crystal light valve 135 for red (R) light of the light 
modulation device 130. Due to this, the illumination recep 
tion region (the picture element information creation region) 
upon the liquid crystal light valve 135 is uniformly illumi 
nated with red (R) light. 
0.134. It should be understood that, in the example shown 
in the drawings, the first condensing lenses 121b through 
125b are arranged between the light source units 121a 
through 125a for each of the colors and the corresponding 
integrator optical Systems 121d through 125d and the Second 
condensing lenses 121b through 125b are arranged between 
the corresponding integrator optical Systems 121C through 
125c and the corresponding liquid crystal light valves 131 
through 135 for each of the colors; but it would also be 
possible, as an alternative, if appropriate, to omit either the 
first condensing lenses 121b through 125b or the second 
condensing lenses 121d through 125d, according to varia 
tion of the size of the integrator optical Systems 121C 
through 125c or the like. Furthermore, it would also be 
possible to dispose, between the light Source units 121a 
through 125a and the first condensing lenses 121b through 
125b, polarization variation elements for Standardizing the 
illumination light which is incident upon the liquid crystal 
light valves 131 through 135 to S polarization or to P 
polarization, for example. 
0.135 The light from the light illumination apparatuses 
121, 123, and 125 of the various primary colors which is 
incident upon each of the liquid crystal light valves 131, 133, 
and 135 respectively is modulated in two dimensions by 
these liquid crystal light valves 131, 133, and 135. After the 
respective light beams have passed through the liquid crystal 
light valves 131, 133, and 135, they are combined by the 
cross dichroic prism 137, and are emitted from the one side 
Surface thereof. The image which is formed in this manner 
by the combined light beams which are emitted from the 
croSS dichroic prism 137 is incident upon the projection lens 
140, which constitutes a projection optical System, and is 
projected at an appropriate magnification upon a screen (not 
shown in the figures). In other words, the color picture 
elements which have been formed by combining the picture 
elements of each color red (R), green (G), and blue (B) 
which have been formed by the respective liquid crystal 
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light valves 131, 133, and 135 are projected by the projector 
110 upon the Screen as a moving image or as a still image. 
It should be understood that polarization plates are provided 
in Suitable positions in the vicinity of the liquid crystal light 
valves 131, 133, and 135, in order to illuminate these liquid 
crystal light valves 131, 133, and 135 with polarized light 
and in order to read it out, although these arrangements are 
not shown in the figures. 

0.136 The control device 150 outputs control signals to 
the light Source drive device 127, and causes light to be 
generated at appropriate timings from the LEDs 121f, 123f, 
and 125f incorporated in the first through the third light 
Source units 121a, 123a, and 125a which are provided to the 
colored light illumination apparatuses 121, 123, and 125. 
Furthermore, this control device 150 outputs control signals 
to the element drive device 138, and forms a two dimen 
Sional polarization distribution in each of the liquid crystal 
light valves 131, 133, and 135 in correspondence to the 
desired intensity for the projected picture elements. 

0.137 In the following, the operation of the projector 110 
shown in FIG. 6 will be explained. 

0.138. The illumination light beams of the various pri 
mary colors from the green (G) light illumination apparatus 
121, the blue (B) light illumination apparatus 123, and the 
red (R) light illumination apparatus 125 which are provided 
to the illumination apparatus 120 are incident upon the 
corresponding liquid crystal light valves 131, 133, and 135 
respectively. Each of these liquid crystal light valves 131, 
133, and 135 is modulated by the element drive device 138 
which operates according to the picture element Signal from 
the exterior, So that it is endowed with a two dimensional 
coefficient of refraction distribution, and thereby the illumi 
nation light beams of the various primary colors are modu 
lated two dimensionally in units of picture elements. In this 
manner, the illumination light which has been modulated by 
the liquid crystal light valves 131, 133, and 135, in other 
words the picture light, after having been combined by the 
croSS dichroic prism 137, is incident upon the projection lens 
140 which constitutes the projection optical System, and is 
projected upon the Screen (not shown in the figures). In this 
case, Since the integrator optical Systems 121C through 125c 
which are provided to the green (G), blue (B), and red (R) 
illumination apparatuses 121, 123, and 125 totally internally 
reflect the light beams LG through LR from the light sources 
of the various colors with the right angled prism portions 
163 and conduct them to the rod integrator main body 161 
which is Orthogonal thereto, accordingly it is possible to 
enhance the freedom of choice for the arrangement and the 
Size of the illumination apparatus 120, and, as a result, it is 
possible to make the illumination apparatus 120 more com 
pact. It should be understood that the rod integrator main 
bodies 161 function as rod lenses for performing wavefront 
Splitting and Superimposition of the light beams LG through 
LR from the light sources, while also total internal reflection 
is generated in the right angled prism portions 163, not only 
by the inclined end surfaces 163a thereof, but also by the end 
Surface portions 163c, 163d and So on as well. Accordingly, 
in practice, by elongating the rod lenses, it is possible to 
make the illumination light beams LG through LR from the 
light Sources yet more uniform by a further Stage. 
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0139 (Fourth Embodiment) 
0140. In the following, a projection type display appara 
tus (a projector) according to the fourth preferred embodi 
ment of the present invention will be described. 
0.141. This projector according to the fourth preferred 
embodiment of the present invention is one which is made 
by implementing certain changes to the projector of the third 
preferred embodiment described above, and accordingly the 
description of the common portions will be curtailed, and 
only the portions of this fourth preferred embodiment which 
differ from the third preferred embodiment described above 
will be explained. 
0.142 FIG. 9 is an explanatory figure for explanation of 
the essential portions of this projection type display appa 
ratus according to the fourth preferred embodiment of the 
present invention. In this case, the rod integrator main body 
161 is provided upon the side of the incident port IP of the 
integrator optical System 521 which constitutes the illumi 
nation apparatus, and the right angled prism portion 163 is 
provided upon the side of its emission port OP. The form of 
the integrator optical System 521c itself is the same as for the 
third preferred embodiment of the present invention, as 
shown in FIGS. 7A, 7B, and 8. With this illumination 
apparatus, it is possible to direct the light LG from the light 
Source from a direction which is perpendicular to the optical 
axis of the liquid crystal light valve 131 by taking advantage 
of the inclined end surface 163a which is provided to the 
right angled prism portion 163. It should be understood that 
although, in this case, only the illumination apparatus 521 
for the green (G) light has been explained, the other illumi 
nation apparatuses for the blue (B) light and for the red (R) 
light also have the Same Structure as the illumination appa 
ratus 521 for the green (G) light, and they also include 
integrator optical Systems which are the same as the inte 
grator optical System 521c shown in the drawing. 

0143 (Fifth Embodiment) 
0144. In the following, a projection type display appara 
tus (a projector) according to the fifth preferred embodiment 
of the present invention will be described. 
0145 This projector according to the fifth preferred 
embodiment of the present invention is a variant of the 
projector of the third preferred embodiment described 
above. FIG. 10 is an explanatory figure for explanation of 
the essential portions of this projection type display appa 
ratus according to the fifth preferred embodiment of the 
present invention. 
0146 In this case, right angled prism portions 163 are 
provided at opposite ends of the rod integrator main body 
161 which constitutes the illumination apparatus, i.e. both at 
the incident port IP side and also at the emission port OPside 
of the integrator optical system 621c. With this illumination 
apparatus, it is possible to direct the light LG from the light 
Source from directions which are somewhat deviated with 
respect to the optical axis of the liquid crystal light valve 131 
by taking advantage of the pair of inclined end Surfaces 163a 
which are provided to the pair of right angled prism portions 
163. Again it should be understood that although, in this 
case, only the illumination apparatus 621 for the green (G) 
light has been explained, the other illumination apparatuses 
for the blue (B) light and for the red (R) light also have the 
Same Structure as the illumination apparatuS 621 for the 
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green (G) light, and they also include integrator optical 
Systems which are the same as the integrator optical System 
621c shown in the drawing. 
0147 (Sixth Embodiment) 
0.148. In the following, a projection type display appara 
tus (a projector) according to the Sixth preferred embodi 
ment of the present invention will be described. This pro 
jector is a projector which utilizes SCR (Sequential Color 
Recapture) technology. 
014.9 FIG. 11 is an explanatory figure for explanation of 
the overall construction of this projection type display 
apparatus according to the Sixth preferred embodiment of 
the present invention. 
0150. This projector 300 comprises, arranged in the 
Specified order along the System optical axis SA, a light 
source 371, an integrator 373 for SCR, a color wheel375 for 
SCR, a relay optical system 377, a reflective mirror 379, a 
field lens 381, a digital mirror device (DMD) 383, and a 
projection lens 385. 
0151. The light source 371 comprises an elliptical reflec 
tor 371a which includes an inner Surface whose reflective 
Surface is an ellipsoid of revolution, and a light Source lamp 
371b which is a metal halide lamp or a high pressure 
mercury lamp or the like. This light source lamp 371b is 
arranged at a first focal point F1 of the elliptical reflector 
371a, and the light which is emitted from the light source 
371 is focused upon the second focal point of the elliptical 
reflector 371a, and is conducted into the interior of the 
integrator 373 which possesses a light incidence aperture 
373a which is disposed so as to coincide with this second 
focal point F2. The light Source light from the light incidence 
aperture 373a which is thus incident into the integrator 373 
is Subjected to wave front Splitting by repeated reflection in 
its interior, and is then emitted from its emission port 373b 
as illumination light which has been made uniform by 
Superimposition. This illumination light which has been 
emitted from the integrator 373 is incident upon the color 
wheel375. The color wheel 375 is capable of being rotated 
by a motor which is not shown in the figures, and it 
comprises a filter Surface 375a which is arranged So as to 
confront the emission port 373b of the integrator 373, and 
upon which three linear filters of the three primary colors 
green (G), blue (B), and red (R) are formed as spirals. This 
filter Surface Separates the illumination light which has been 
emitted by the integrator 373 into its three primary colors in 
time Sequence, and emits the resultant light. At this time, 
apart from the colored light which passes through the filter 
surface 375a, also some light is reflected by the filter surface 
375a and is returned to the integrator 373. This light for 
reuse which is returned to the integrator 373 arrives at the 
other end of the reflector 373 while being reflected within it, 
and is then reflected by a mirror 363h which is arranged 
around the light incidence aperture 373a and returns back to 
within the integrator 373, so as to return back to illuminate 
the filter Surface 375a again. This type of technique for 
reusing light from the light source is termed a “SCR tech 
nique'. The relay optical system 377 creates an image of the 
light from the emission port 373b of the integrator 373 
which has passed through the color wheel 375 upon the 
DMD 383, and thereby arrives at a uniform illumination of 
the DMD 383. The DMD 383 is a spatial light modulation 
device of a reflection direction control type which is 
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endowed with the function of emitting picture element light 
which corresponds to each picture element in the direction 
of the projection lens 385, so as thereby to display each of 
the picture elements according to the picture element signal, 
by reflection from a micro mirror which is supplied with the 
illumination light which is incident thereupon. The picture 
element light which is emitted from this DMD 383 is 
projected upon a Screen (not shown in the figures) via the 
field lens 381 and the projection lens 385. 
0152 FIG. 12A is a plan view of the integrator 373 of 
FIG. 11, and FIG.12B is a side view of that integrator 373. 
0153. This integrator 373 has an external appearance 
which is almost the same as that of the integrator optical 
system 121c of the third preferred embodiment of the 
present invention as shown in FIG. 6. In other words, this 
integrator 373 comprises a four cornered rod shaped rod 
integrator main body 361, and a right angled prism portion 
363 which is provided at one end thereof. At the incidence 
side of the right angled prism portion 363 there is formed a 
reflective layer 363h which is made from a dielectric mate 
rial or aluminum or the like, and a light incidence aperture 
373a is formed at the central portion of this reflective layer 
363h for admitting light from the light source 371. This light 
Source light which is incident upon the right angled prism 
portion 363 via the light incidence aperture 373a is totally 
internally reflected by the inclined end surface 363a, and its 
optical path is bent around and folded, So that it proceeds 
along within the rod integrator main body 361 and then is 
emitted from an emission port 373a. On the other hand, 
although the light from the light source which is reflected by 
the color wheel 375 and is incident upon the emission port 
373a passes backwards along through the rod integrator 
main body 361 and is incident upon the right angled prism 
portion 363, in this case, after having been totally internally 
reflected by the inclined end surface 363a, it is reflected by 
the reflective film layer 363h, and thus returns within the rod 
integrator main body 361. Thus, in this sixth preferred 
embodiment of the present invention as well, Simply by 
adjusting the coefficient of refraction of the right angled 
prism portion 363, and without providing any reflective 
layer upon its inclined end Surface 363a, it is possible to 
direct the light from the light source which is incident from 
the light incidence aperture 373a along the rod integrator 
main body 361 which is orthogonal thereto by 100% reflec 
tion from the right angled prism portion 363. 

0154) (Seventh Embodiment) 
O155 In the following, a projection type display appara 
tus (a projector) according to the Seventh preferred embodi 
ment of the present invention will be described. This pro 
jector according to the Seventh preferred embodiment of the 
present invention is a variant of the projector of the third 
preferred embodiment described above. 
0156 FIGS. 13A to 13C are respectively a plan view, a 
Side view, and an elevation view for explanation of an 
integrator optical System, which is an essential portion of 
this projector according to the Seventh preferred embodi 
ment of the present invention. This integrator optical System 
421c is a post shaped member which has been made by 
processing glass, just like the integrator optical System 121C 
according to the third preferred embodiment of the present 
invention which was shown in FIGS. 7A and 7B above. 
However, the aspects in which this seventh preferred 
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embodiment of the present invention differs from the third 
preferred embodiment described above, are that the croSS 
Sectional shape orthogonal to the optical axis OA is trap 
eZoidal, and that, at the end of its tapered shape where it 
becomes narrower towards its end, it has an inclined end 
surface 463 which is inclined at an angle of 45 with respect 
to the optical axis OA. The light from the light source which 
is incident upon the incident port IP of this integrator optical 
System 421C is directly incident upon the inclined end 
Surface 163a which is opposed thereto, or is incident upon 
this inclined end surface 163a after having been reflected by 
the end Surface portions of the right angled prism portion 
463, or the like. The light from the light source which is 
incident upon the inclined end Surface 163a is totally 
internally reflected by this inclined end surface 163a without 
any loSS, and its optical path is folded and bent, So that it is 
conducted to the rod integrator main body 461. In this case 
as well, not only the rod integrator main body 461 functions 
as an integrator, but also the right angled prism portion 463. 
0157. While preferred embodiments of the invention 
have been described and illustrated above, it should be 
understood that these are exemplary of the invention and are 
not to be considered as limiting. For example, with the 
integrator optical system 121c of FIGS. 7A and 7B, it would 
be possible to connect to the incident port IP a rod integrator 
which had a rectangular croSS Sectional shape of the same 
dimensions as the opening of the incident port IP, or greater. 

What is claimed is: 
1. A light conducting unit disposed between a light Source 

and a region which is to be illuminated, comprising: 

a polygonal prism made from a first medium with a first 
coefficient of refraction; 

a first light conducting unit which directs light to be 
incident upon a first Surface of the polygonal prism; and 

a Second light conducting unit upon which light emitted 
from a Second Surface of the polygonal prism is inci 
dent; 

wherein the polygonal prism comprises a reflective device 
which reflects light which is incident into the polygonal 
prism from the first Surface towards the Second Surface, 
and 

a Second medium with a Second coefficient of refraction 
which is less than the first coefficient of refraction is 
provided at the first Surface and the Second Surface. 

2. A light conducting unit according to claim 1, wherein 
the polygonal prism is a triangular prism. 

3. A light conducting unit according to claim 1, wherein 
the first light conducting unit and the Second light conduct 
ing unit are made in a tubular shape from at least one 
reflective body with a light reflective Surface facing inwards, 

interiors of the first light conducting unit and the Second 
light conducting unit are filled with the Second 
medium, and 

Surfaces of the first light conducting unit and the Second 
light conducting unit which are not provided with the 
reflective body constitute an incidence Surface and an 
emission Surface. 
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4. A light conducting unit according to claim 1, 
wherein the first light conducting unit and the Second light 

conducting unit are made in the shape of posts from a 
third medium with a third coefficient of refraction, 

the third coefficient of refraction is greater than the 
coefficient of refraction of the medium which Surrounds 
the first light conducting unit and the Second light 
conducting unit, and 

the Second medium is disposed between the first light 
conducting unit and the first Surface, and between the 
Second light conducting unit and the Second Surface. 

5. A light conducting unit according to claim 4, wherein 
gaps between the first light conducting unit and the first 
Surface, and between the Second light conducting unit and 
the Second Surface, are greater than the product of the 
wavelength of the light which is being propagated through 
the first and Second light conducting units, and the Second 
coefficient of refraction. 

6. A light conducting unit according to claim 4, 
wherein a first convex portion is provided at approxi 

mately a central portion of a Surface of the first light 
conducting unit which opposes the first Surface, 

a Second convex portion is provided at approximately a 
central portion of a Surface of the Second light con 
ducting unit which opposes the Second Surface, and 

the first convex portion and the first Surface are in mutual 
contact, and 

the Second convex portion and the Second Surface are in 
mutual contact. 

7. A light conducting unit according to claim 3, wherein 
a reflection prevention device which Suppresses the reflec 
tion of light is provided upon at least one of the first Surface, 
the Second Surface, and the incidence Surfaces and the 
emission Surfaces of the first light conducting unit and of the 
Second light conducting unit. 

8. A light conducting unit according to claim 7, wherein 
the reflection prevention device is a reflection prevention 
layer. 

9. An illumination apparatus comprising: 
a light Source, and 
a light conducting unit according to claim 1, located 

between the light Source and a region which is to be 
illuminated. 

10. A projection type display apparatus comprising: 
an illumination apparatus according to claim 9; 
a light modulation device which modulates the light 
which has been emitted from the illumination appara 
tus, and 

a projection device which projects the light which has 
been modulated by the light modulation device. 

11. An illumination apparatus comprising: 
a light Source which emits light for illumination; 
a light concentration device which concentrates light from 

the light Source to a predetermined angular range, and 

a light uniformization device formed from a transparent 
material in the shape of a post, and which has, at least 
at one of its ends, an inclined end Surface which defines 
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an angle of inclination of approximately 45 with 
respect to the axis of the post shape, 

wherein the light uniformization device totally internally 
reflects the light from the inclined end Surface, when 
the light passes through the light concentration device 
and along the post shape. 

12. An illumination apparatus according to claim 11, 
wherein the post shaped transparent light uniformization 

device is formed in a post shape which has a first pair 
of Side Surfaces which are mutually parallel, and a 
Second pair of Side Surfaces which are mutually parallel 
and are also orthogonal to the first pair of Side Surfaces, 
and 

the inclined end Surface is orthogonal to the first pair of 
Side Surfaces and defines an angle of approximately 45 
with respect to the Second pair of Side Surfaces. 

13. An illumination apparatus according to claim 12, 
wherein the post shaped transparent light uniformization 
device, at least at one end of its four cornered post shaped 
rod integrator main body, is formed as a right angled prism 
portion with the inclined end Surface being its Side Surface 
corresponding to the hypotenuse. 

14. An illumination apparatus according to claim 11, 
wherein the post shaped transparent light uniformization 
device is formed from a glass material with a coefficient of 
refraction Such as to implement total internal reflection at the 
inclined end Surface for the predetermined angular range and 
the angle of inclination. 

15. An illumination apparatus according to claim 12, 
wherein the light concentration device conducts the light 
from the light Source into the light uniformization device via 
a transparent window Surface portion upon a one of the 
Second pair of Side Surfaces which is opposed to the inclined 
end Surface. 

16. An illumination apparatus according to claim 15, 
wherein the light concentration device causes at least a 
major portion of the light from the light Source to be incident 
via the transparent window Surface portion upon the inclined 
end Surface either directly or indirectly. 
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17. An illumination apparatus according to claim 12, 
wherein the light uniformization device is reflected the light 
which has passed along the post shape from the inclined end 
Surface, and emits the light to the outside via a transparent 
window Surface portion upon one of the Second pair of Side 
Surfaces which is opposed to the inclined end Surface. 

18. An illumination apparatus according to claim 11, 
wherein the light Source is a Solid-State light Source. 

19. A projection type display apparatus comprising: 

an illumination apparatus according to claim 11, 

a spatial light modulation device which is illuminated by 
illumination light which has been emitted from the 
illumination apparatus, and which modulates the illu 
mination light to produce an optical image, and 

a projection optical System which projects the optical 
image produced by the Spatial light modulation device. 

20. A projection type display apparatus comprising: 

a plurality of illumination apparatuses for various colors, 
each of which is an illumination apparatus according to 
claim 11; 

for each of the various colors, a Spatial light modulation 
device which is illuminated by the illumination light of 
its corresponding color which has been emitted from 
the corresponding one of the illumination apparatuses, 
and which modulates the illumination light to produce 
an optical image of the corresponding color; 

a light combination optical System which combines the 
optical images of the various colorS modulated by the 
Spatial light modulation devices of the corresponding 
colors, and 

a projection optical System which projects an optical 
image produced by the combination by the light com 
bination optical System. 


